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1. . $T=U|T|$ Hilbert ( ) ,
$|T|-U|T|U^{*}\geq 0$
, $T$ semi-hyponormal . ,
$\Vert T\Vert I\geq U^{*n}|T|U^{n}\geq\cdots\geq U^{*}|T|U\geq|T|\geq U|T|U^{*}\geq\cdots\geq U^{n}|T|U^{*n}\geq 0$
$S_{U}^{\pm}(|T|)= s-\lim_{narrow\pm\infty}U^{*n}|T|U^{n}$
, $S_{U}^{\pm}(|T|)$ $U$ $|T|$ polar symbol . ,
$|T|_{+}=S_{U}^{+}(|T|),$ $|T|_{-}=S_{U}^{-}(|T|)$ . , $T_{+}=S_{U}^{+}(T),$ $T_{-}=S_{\overline{U}}(T)$ ,
$\tau_{+}=U|T|+,$ $T_{-}=U|T|_{-}$ . $T=U|T|$ Hilbert , $p>0$ ,
$|T|^{2p}-(U|T|U^{*})^{2p}\geq 0$
, $T$ hyponormal . l-hyponormal hyponormal,
1/2-hyponormal semi-hyponomarl . $p>q>0$ , p-hyponormal
q-hyponormal . , $1/2\geq p>0$ $r$hyponormal .
$T$ $\gamma hyponormal$ unitary $U$ $T=U|T|$ , $T\in p- HU$ ,
semi-hyponormal , $T\in$SHU .
$T=\{e^{i\theta}|02.m^{\backslash }$
E
$<2\pi\}^{ypoor}$, $\mathcal{F}$ 1 Bore$1$ , Lebesque m, ,$\cdot$p-hyponormal .
$dm(e^{i\theta})= \frac{1}{2\pi}d(e^{i\theta})$ , $\nu$ $\mu=m+\nu$ , $\Omega=(T, \mathcal{F}, \mu)$
. , $\mu$ Hilbert $\mathcal{D}$
$\int_{T}||f(e^{i\theta})||^{2}d\mu<\infty$ $f$ $(f, g)= \int_{T}(f(e^{i\theta}), g(e^{i\theta}))_{D}d\mu$
Hilbert $L^{2}(\Omega, \mathcal{D})$ . , $\mu$ Lebesque $m$ , $L^{2}(\Omega, \mathcal{D})$ $L^{2}(\mathcal{D})$
. projection $R(\cdot)$ , $\{f\in L^{2}(\Omega, ,D)|R(e^{i\theta})f(e^{i\theta})=$
$f(e^{i\theta})\}$ $L^{2}(\Omega, \mathcal{D}, R(\cdot))$ .
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, $\alpha(\cdot),$ $\beta(\cdot)$ , , $\alpha(e^{i\theta})\geq 0,$ $\beta(e^{i\theta})\geq 0$
$\sup\{||\alpha(e^{i\theta})$ il $\}$ , $\sup\{||\beta(e^{i\theta})||\}<\infty$ , $R(e^{i\theta})$ projection ,
$R(e^{i\theta})\alpha(e^{i\theta})=\alpha(e^{i\theta})R(e^{i\theta})=\alpha(e^{i\theta}),$ $R(e^{i\theta})\beta(e^{i\theta})=/\partial(e^{i\theta})R(e^{i\theta})=\beta(e^{i\theta})$
. $\mathcal{P}$ $L^{2}(\Omega, \mathcal{D}, R(\cdot))$ , Hardy $H^{2}(\mathcal{D}, R(.))$ – projection, ,
$( \mathcal{P}(f))(e^{i\theta})=\lim_{rarrow 1-0}\frac{1}{2\pi i}\int_{|z|=1}f(z)(z-re^{i\theta})^{-1}dz$
. ,





, $\hat{U}$ unitary $\alpha \mathcal{P}\alpha+\beta\geq 0$ $|\hat{T}|=\alpha \mathcal{P}\alpha+\beta$ $\hat{T}=\hat{U}|\hat{T}|$
$T$ polar .
$(|\hat{T}|f, f)-(\hat{U}|\hat{T}|\hat{U}^{*}f, f)=(\mathcal{P}\alpha f, \alpha f)-(\hat{U}\mathcal{P}\hat{U}^{*}\alpha f, \alpha f)\geq 0$
, $\hat{T}$ semi-hyponormal . $R(\cdot)$ Hilbert unitary
.
, .
A ([12, Chapter 3, Theorem 3.1]). $T$ Hilbert ,
$T=U|T|\in$SHU, , $U$ unitary $T$ semi-hyponormal .
, $L^{2}(\Omega, \mathcal{D}, R(\cdot)),\alpha(\cdot),$ $\beta(\cdot)$ , $\mathcal{P}$
$(\hat{T}f)(e^{i\theta})=e^{i\theta}(\alpha(e^{i\theta})[\mathcal{P}(\alpha f)](e^{i\theta})+\beta(e^{i\theta})f(e^{i\theta}))$ , $(f\in L^{2}(\Omega, \mathcal{D}, R(\cdot))$
$(\hat{U}f)(e^{i\theta})=e^{i\theta}f(e^{i\theta})$
$\hat{T}$
$T,$ $U$ $\hat{U}$ unitary .
$T$ $P$.hyponormal ,
$\tilde{T}=U|T|^{2p}$
semi-hypnormal A , p-hyponormal .
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$B$ ([3, Theorem 1]). $T$ Hilbert $T=U|T|\in p- HU$
. A , $L^{2}(\Omega.\mathcal{D}.R(\cdot)),\alpha(\cdot),$ $\beta(\cdot)$ , $\mathcal{P}$ ,
$(\hat{T}f)(e^{i\theta})=e^{i\theta}(44f)(e^{i\theta})$ $(\hat{U}f)(e^{i\theta})=e^{i\theta}f(e^{i\theta})$




$P$.hyponormal $T$ singular integral .
3. characteristic . , $T=U|T|\in p- HU$ , $\alpha(e^{i\theta})\geq$
$0,$ $\beta(e^{i\theta})\geq 0$ , Hardy $H^{2}(\mathcal{D}, R(\cdot))$ , A,B $T$ singular integral
. , $R(\cdot)$ , $H^{2}(\mathcal{D})=H^{2}(\mathcal{D}, R(\cdot))$
. $S$ , $\rho(S),$ $\sigma(S),$ $\sigma_{a}(S)$ $\sigma_{p}(S)$ the resolvent ,
, .
.
$C$ ([13, Chapter 2, Theorem 1.5]). p-hyponormal $T$ ,
$\sigma(U|T|_{\pm}^{2p})\subset\sigma(U|T|^{2p})$ $\sigma_{a}(U|T|^{2p}\pm)\subset\sigma_{a}(U|T|^{2p})$
. $T=U|T|\in rHU$ ,
$\sigma(U|T|\pm)\subset\sigma(U|T|)$ $\sigma_{a}(U|T|\pm)\subset\sigma_{a}(U|T|)$
. , singular integral ,
$(|T|_{+}^{2p}f)(e^{i\theta})=(\alpha(e^{i\theta})^{2}+\beta(e^{i\theta}))f(e^{i\theta})$ and $(|T|_{-}^{2p}f)(e^{i\theta})=\beta(e^{i\theta})f(e^{i\theta})$ .
,
$\alpha^{2}=|T|_{+}^{2p}-|T|_{-}^{2p}$
. , $T$ characteristic $(e^{i\theta})$ .
1. $\ell=|\ell|e^{i\theta}\in\rho(U|T|_{-}^{2p})$ , $W\ell(e^{i\theta})$ :
$Wp(e^{i\theta})=I+\alpha(e^{i\theta})(\beta(e^{i\theta})-\ell e^{-i\theta})^{-1}\alpha(e^{i\theta})$ .
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$(e^{i\theta})$ $T$ characteristic . $\ell\in\rho(U|T|_{-}^{2p})$ ,
$Pe^{-i\theta}\in\rho(\beta(e^{i\theta}))$ . , Hardy $H^{2}(\mathcal{D})$ :
$(\overline{\nu v_{\ell}}f)(\cdot)=\mathcal{P}(\nu\nu_{\ell}(\cdot)f(\cdot))$ .
$\overline{V\mathcal{V}_{\ell}^{v}}$ Toeplitz . $U|T|^{2p}\in SHU$ , .
1. $T=U|T|\in p- HU,$ $\ell\in\rho(U|T|_{-}^{2p})$ . ,
$\ell\in\sigma_{p}(U|T|^{2p})\Leftrightarrow 0\in\sigma_{p}(\overline{\mathcal{W}’’_{\ell}})$ $\overline{\ell}\in\sigma_{p}((U|T|^{2p})^{*})\Leftrightarrow 0\in\sigma_{p}((\overline{W_{\ell}})^{*})$ .
$L_{\ell}$ : $harrow(\ell e^{-i\theta}-\beta)^{-1}\alpha h$ $ker(\overline{\nu V_{\ell}})$ $ker(U|T|^{2p}-\ell)$ 1:1 ,
$farrow \mathcal{P}(\alpha f)$ .
$*L\ell$ : $harrow(\overline{\ell}e^{i\theta}-\beta)^{-1}\alpha h$ $ker((\tilde{W_{\ell}})^{*})$ $ker((U|T|^{2p})^{*}-P))$ 1:1
, $farrow(\mathcal{P}\alpha U^{*})(f)$ .
$\ell\in\sigma_{p}(U|T|^{2p})$ , $\ell$ $\tilde{W_{\ell}}$ $0$ .
, $\overline{\ell}\in\sigma_{p}((U|T|^{2p})^{*}))$ , $\overline{\ell}$ $(\overline{W_{\ell}})^{*})$ $0$ .
Berberian , $\mathcal{R}\supset \mathcal{H}$ , $B(\mathcal{H})arrow B(\mathcal{R})$ $\pi$
. $\mathcal{H}$ $S$ , $\sigma_{a}(S)=\sigma_{p}(\pi(S))$ . $ker(\pi(T-\ell))$ $\ell$
. , .
2. $T=U|T|\in p- HU$ , $\ell\in\rho(U|T|_{-}^{2p})$ . ,
$\ell\in\sigma_{a}(U|T|^{2p})\approx 0\in\sigma_{a}(\overline{vV_{\ell}})$ $\emptyset 1$ $\overline{l}\in\sigma_{a}((U|T|^{2p})^{*})\Leftrightarrow 0\in\sigma_{a}((\overline{W_{\ell}})^{*})$ .
$\pi(L_{\ell})$ $ker(\pi(\overline{W_{\ell}}))$ $ker(\pi(U|T|^{2p}-\ell))$ 1:1 ,
. $\pi(M_{\ell})$ $ker(\pi((\overline{\nu V_{\ell}})^{*}))$ $ker(\pi((U|T|^{2p})^{*}-\overline{\ell}))$ 1:1 ,
. $\ell\in\sigma_{a}(U|T|^{2p})$ , $\ell$ , $\overline{\nu V_{\ell}}$ $0$
.
$\overline{\ell}\in\sigma_{a}(U|T|^{2p})^{*}$ , $\overline{\ell}$ 2 $(\overline{W_{\ell}})^{*}$ $0$ . 3,
4 , .
$D$ ([2, Theorem 4]). $T=U|T|$ p-hyponormal . $(T-re^{i\theta})f_{n}arrow 0$
, $(|T|-r)f_{n}arrow 0$ $(U-e^{i\theta})f_{n}arrow 0$ .
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3. $T=[–|T|\in p- HU$ , $\ell=|P|e^{i\omega}$ .
(1) $\ell\in\rho(U|T|_{-}^{2p})$ , $\{h_{n}\}$ $H^{2}(\mathcal{D})$ , $\overline{\nu\nu_{p}}h_{n}arrow 0$
. , $|\ell|^{\frac{1}{\wedge p1}}e^{i\omega}\in\sigma_{a}(T)$ $\Vert(T-|\ell|^{\frac{1}{2p}}e^{i\omega})f_{n}\Vertarrow 0$ . ,
$n$ , $f_{n}= \frac{L_{\ell}h_{n}}{\Vert L_{\ell}h_{n}\Vert}$ .
(2) $\ell\in\sigma_{a}(T),$ $\ell_{p}\in\rho(U|T|_{-}^{2p})$ $\{f_{n}\}$ $H^{2}(\mathcal{D})$ $\Vert(T-$
$\ell)f_{n}\Vertarrow 0$ , $\overline{W_{\ell_{p}}}h_{n}arrow 0$ $\Vert f_{n}-\frac{L_{\ell_{p}}h_{n}}{\Vert L_{\ell_{p}}h_{n}\Vert}\Vertarrow 0$ $H^{2}(\mathcal{D})$
. , $\ell_{p}=|\ell|^{2p}e^{i\omega}$ .
4. $T=U|T|\in p- HU$ , $\ell=|\ell|e^{i\omega}$ , $\ell_{p}=|\ell|^{2p}e^{i\omega}\in\rho(U|T|_{-}^{2p})$ .
,
$\ell\in\sigma(T)\Leftrightarrow 0\in\sigma(\overline{W_{\ell_{p}}})$ $\overline{\ell}\in\sigma(T^{*})\Leftrightarrow 0\in\sigma((\overline{W_{\ell_{p}}})^{*})$ .
4. ,
.
$E$ ([13, Chapter 3,Theorem 2.5]). $T\in$-SHU . , 2 $L(\mathcal{D})$
mosaic $B_{T}(e^{i\theta}, \rho)$ .
(1) $0\leq B_{T}(e^{i\theta}, \rho)\leq I$,
(2) $I+ \alpha(e^{i\theta})(\beta(e^{i\theta})-\ell)^{-1}\alpha(e^{i\theta})=\exp(\int_{0}^{\infty}\frac{B_{T}(e^{i\theta},\rho)}{\rho-\ell}d\rho)$ ,
(3) $\int_{0}^{\infty}\psi(\rho)B_{T}(e^{i\theta}, \rho)d\rho=\alpha(e^{i\theta})\int_{0}^{1}\psi(\beta(e^{i\theta})+k\alpha(e^{i\theta})^{2})dk\cdot\alpha(e^{i\theta})$
$\psi$ Baire .
mosaic Pincus principal .
2. $T=U|T|\in$ p-HU , $T_{p}=U|T|^{2p}$ . $T_{p}\in$ SHU , Pincus
principal $g\tau(\cdot,$ $\cdot)$
$g_{T}(e^{i\theta}, r)=$ Tr $(B_{T_{p}}(e^{i\theta}, r^{2p}))$ ,
. , Tr $()$ $L(\mathcal{D})$ .
Tr$(|T|)<\infty$ $T\in L(\mathcal{D})$ , , $C_{1}$ .
3. unitary $U$ $T=U|T|$ , $[U,$ $|T|^{2p}]=U|T|^{2p}-|T|^{2p}U\in C_{1}$
, $T$ p-nearly normal .
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4. $K\in C_{1}$ , $(I-K)$ $\det(I-K)$
$\det(I-K)=\prod_{j=1}^{\nu(K)}(1-/\backslash _{j}(K))$ ,
. , $\{\lambda_{j}(K)\}_{j=1}^{\nu(K)}$ $K$ ( $[$9,
p. 157$])$ .
$K^{-1}$ , $\det(I-K)$ $F$ Xia –aer ([13, p. 175]). $ABA^{-1}B^{-1}$
$\{A, B\}$ , multiplicative commutator . $\{e^{4}, e^{B}\}$ ,
.
Theorem $F$ ([13, Chapter 7, Lemma 4.1]). $A,$ $B\in B(\mathcal{D})fO^{\text{ }}$ $[A, B]\in C_{1}$ ,
$\{e^{A}, e^{B}\}\in C_{1}$ ,
$\det(\{e^{A}, e^{B}\})=\exp($Tr$[A,$ $B])$ .




5. $T\in p-$HU p-nearly normal , $e^{i\theta}\in T$ ,
$\det(I+\alpha(e^{i\theta})(\beta(e^{i\theta})-\ell)^{-1}\alpha(e^{i\theta}))=\exp(2p\int_{\sigma(|T|)}\frac{r^{2p-1}\cdot g_{T}(e^{i\theta},r)}{r^{2p}-l}dr)$ .
, $\mathcal{A}_{2}$ 2 $r,$ $z$ Laurent $p(r, z)= \sum_{j=0}^{N}\sum_{k=-N}^{N}ajk$ . $r^{j}z^{k}$ .
$N$ $ajk$ . $X,$ $Y$ , $Y$ $Y^{-1}$
. $p(r, z)= \sum_{=0}^{N}\sum_{kj=-N}^{N}a_{jk}\cdot r^{j}z^{h}\in$ ,
$p(X, Y)= \sum_{j=0}^{N}\sum_{k=-N}^{N}a_{jk}\cdot X^{j}Y^{k}$
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. $p,$ $q\in \mathcal{A}_{2}$ Jacobian $J(p, q)$ . ,
$J(p, q)(r, e^{i\theta})= \frac{\partial p}{\partial r}(r, e^{i\theta})\cdot\frac{\partial q}{\partial z}(r.e^{i\theta})-\frac{\partial p}{\partial_{\wedge}}(r, e^{i\theta})\cdot\frac{\partial q}{\partial r}(r, e^{i\theta})$.
.
$G$ ([3, Theorem 10]). $n$ , $T=U|T| \in\frac{1}{2n}- HU$ . $T$ $\frac{1}{2n}$-nearly
normal , $p,$ $q\in \mathcal{A}_{2}$ ,
Tr $([p(|T|, U), q(|T|, U)])= \int\int_{\sigma(T)}J(p, q)(r, e^{i\theta})e^{i\theta}g_{T}(e^{i\theta}, r)drdm(\theta)$
.
, .
6. $n$ , $T=U|T| \in\frac{1}{2n}- HU$ . $T$ $\frac{1}{2n}$ -nearly normal ,
$p,$ $q\in \mathcal{A}_{2}$ ,
$\det(\{\exp(p(|T|, U)), \exp(q(|T|, U))\})=\exp(b([p(|T|,$ $U),$ $q(|T|,$ $q)]))$
$= \exp(\int\int_{\sigma(T)}J(p, q)(r, e^{i\theta})e^{i\theta}g_{T}(e^{i\theta}, r)drdm(\theta))$
.
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